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Abstrak. Dalam beberapa tahun terakhir, evaluasi formasi dan analisis logging sumur telah berkembang 
dari pengukuran, akurasi dan penerapannya untuk menentukan kondisi bawah permukaan yang kompleks. 
Thin Bed Reservoir adalah salah satu analisis pemboran sumur yang kompleks dikarenakan kompleksitas 
kandungan tinggi mineral lempung dalam lapisan laminasi shaly-sand  yang secara inheren mempengaruhi 
respons data log dalam bentuk nilai sinar gamma tinggi dan resistivitas rendah. Hal ini menyebabkan zona 
laminasi tipis sering diidentifikasi sebagai zona non-reservoir. Sementara itu, 30 - 40% cadangan sumber 
daya minyak berasal dari lapisan thin bed reservoir. Melihat permasalahan dalam mendapatkan parameter 
petrofisika thin bed reservoir, penelitian ini berfokus pada pengoptimalan potensi lapisan tipis dengan 
mengevaluasi kembali analisis petrofisika, menerapkan metode Laminated Shally Sand Analysis dan Monte 
Carlo Uncertainty untuk menghitung distribusi parameter petrofisika dan memvalidasi parameter dengan 
Log Image. Metode laminated Shally Sand Analysis menerapkan Thomas Steiber Plot untuk memberikan 
distribusi serpihan dan porositas laminasi, sedangkan saturasi air dihitung menggunakan Persamaan 
Waxman Smith. Dari penelitian ini, sumur SSK memiliki potensi lapisan tipis pada 2521.45 - 2543.45 ft. 
Laminated Shally Sand Analysis juga mampu meningkatkan ketebalan netpay dengan kisaran 40,35% 
berdasarkan probabilitas Monte Carlo. 
Kata Kunci: Laminated Shally Sand Analysis; Monte Carlo Uncertainty; Thin Bed Reservoir 
  
Abstract. In recent years, formation evaluation and well logging analysis have been evolving from its 
measurements, accuracy and applicability to determine tough downhole environments. Thin bed Reservoir 
is one of the most challenging well logging analysis due to the complexity of the high content of clay 
minerals in the shaly-sand lamination layer (thin bed) which inherently affects the log data response in the 
form of high gamma ray values and low resistivity. This causes the thin lamination zone is identified as a 
non-reservoir zone. Meanwhile, worldwide 30 to 40% of the oil in-place resources are confined within thin 
beds. Seeing the problem in the prediction of thin bed reservoirs, this research is focusing on Enhancing and 
developing thin bed potential by reevaluating petrophysical analysis, applying Laminated Shally Sand 
Analysis and Monte Carlo Uncertainty Probabilistic for calculating petrophysical parameter distribution and 
validating the parameter with Log Image. Laminated Shally Sand Analysis implements Thomas Steiber Plot 
in order to give laminated shale distribution and porosity, whereas the water saturation is calculated using 
Waxman Smith’s Equation. From this research, well SSK has thin bed potential at 2521.45 - 2543.45 ft. 
Laminated Shally Sand Analysis also capable to improve thickness of netpay with the range of 40.35% based 
on probabilistic delivered from Monte Carlo. 
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INTRODUCTION 
To find out the existence of petroleum, it is 
necessary to analyze the layer of the earth using Well 
logging. Well logging is the process of recording 
various physical, chemical, electrical, or other 
properties of the rock/fluid mixtures penetrated by 
drilling a borehole into the earth. Log data is used for 
qualitative and quantitative analysis and it give us 
information about rock formations in wells and the 
amount of petroleum reserves that can be obtained 
(Abdullatif dan Abdulraheem, 2013). 
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Basically conventional logging tools have a 
vertical resolution of 1-4 ft while the thin bed layer 
has a thickness of 0.5 ft. Therefore, this thin layer 
cannot be recorded in the measurement of 
conventional logging. Meanwhile, worldwide 30 to 
40% of the oil in-place resources are confined within 
thin beds (Tyagi dkk., 2008). 
 Fluid identification is an important factor in 
formation evaluation and is the main parameter in 
determining the development of an oil and gas field. 
The complexity of the high content of clay minerals 
in the shaly-sand lamination layer (thin bed) is 
accompanied by mineral clay distribution which 
inherently affects the log data response in the form 
of high gamma ray values and low resistivity 
(Brandsen, 2016). In a thin shaly-sand lamination 
area, the value of electrical conductivity shows a 
higher value so that a low resistivity value is 
obtained. This causes the thin lamination zone to be 
identified as a non-reservoir zone which is not 
expected to be an oil and gas potential that lead to  
misinterpretation in water saturation calculations 
(Olsen, 2016). Even though this layer has the 
potential to increase oil and gas reserves, other log 
data is needed to solve the thin bed problem . 
Seeing the problem in the prediction of thin bed 
reservoirs, then further research is needed on the 
prediction of thin bed reservoir using Laminated 
Shally Sand Analysis and Monte Carlo Uncertainty 
Probabilistic. Laminated Shally Sand Analysis itself 
capables to resolve this problem where it 
implements resistivity separation to determine 
resistivity anisotrophy and Thomas Steiber Plot to 
give laminated shale distribution and porosity 
(Thomas dan Stieber, 1975). Furthermore, Monte 
Carlo is used as a distribution parameter between 
each petrophysical parameter. This research is 
focusing on Enhancing and developing thin bed 
potential by reevaluating petrophysical analysis. 
 
A. Thin Bed Reservoir 
Thin bed reservoir is a rock unit which is 
laminated with each other, has a thin distribution 
whose petrophic character is limited to the top and 
bottom with different petrophysical characteristic 
units (Baillie dan James-Romano, 2010). Thin beds 
have a thickness of 2.5 cm to 0.6 meters, where a 
thickness of 0.6 meters is considered a thin-bed 
cutoff because it is considered to be equivalent to 
the vertical resolution of the porosity log and log 
resistivity with the best resolution. In a thin shaly-
sand lamination area, the value of electrical 
conductivity shows a higher value so that a low 
resistivity value is obtained. This causes the thin 
lamination zone to be identified as a non-reservoir 
zone which is not expected to be an oil and gas 
potential which causes misinterpretation in water 
saturation calculations. Even though this layer has 
the potential to increase oil and gas reserves, other 
log data is needed to solve the thin bed problem 
(Lalande, 2004). Thin beds can occur in all siliclastic 
depositional environments, with several 
depositional environments mostly composed of thin 
beds. Table 1 shows the depositional environment 
that allows Thin Beds to occur. 
Table 1. Thin Bed Reservoir’s Depositional Enviroment  
(Passey dkk., 2006) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B. Laminated Shally Sand Analysis 
The Laminated Shally Sand Analysis suggests a 
multilayer sand-shale model. This analysis was based 
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on the Thomas Steiber volumetric shale distribution 
and the tensor resistivity model (Thomas dan 
Stieber, 1975). Volume shale, porosity, and water 
saturation are the basic parameters to estimate sand 
layer resources. The volume of the shale is the most 
critical parameter, and controls the porosity and 
saturation calculcation. The Thomas Steiber model is 
used to define shale distribution (laminar, dispersed, 
or structural) from a bulk shale volume and total 
porosity. Independently, the tensor resistivity model 
is used to determine resistivity of sand and volume 
of laminar shale. 
 
B1. Resistivity Anisotropy 
The conventional resistivity measurements are 
dominated by conductive layers because these 
measurements are made horizontally to the 
formation (Ruhovets, 1990). The shale laminations 
are very conductive as compared to sand with gas or 
oil laminations. The result is highly conductive and 
indicates a poor zone. 3D Resistivity Tool provides 
measurements in both the horizontal (Rh) and the 
vertical (Rv) directions. It helps to resolve the 
resistivity anisotropy associated with the thinly 
laminated shale sand reservoir. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Resistivity Model in Thinly Laminated Reservoir 
(Anderson dkk., 2008) 
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If the 3D induction tool is not available, we can 
use the gamma ray log for differencing shale 
anisotropy from the thin laminated 
reservoirs(Asquith dan Krygowski, 2004). The 
resistivity of the sand can be calculated if we 
estimate the volume of shale of each point (Asquith 
dan Krygowski, 2004). 
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B2. Thomas Steiber Model 
Thomas and Steiber provides a model to assess 
the possibility that porosity depends on shale 
volume and the configuration of the shale volume 
itself (Fadjarijanto dkk., 2018). This model is used to 
determine shale distribution and to recalculate 
porosity number. This approach can identify shale 
type using Vsh and PHI data as input. From this 
model we can determine shale distribution into 
laminated, structural, or dispersed.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Shale Distibution on Thomas Steiber Plot 
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C. Monte Carlo Probabilistic 
Monte Carlo uses random number to calculate 
probability when the model is complex, nonlinear, or 
involves more than just a couple uncertain 
parameters. In this research, monte carlo is used to 
determine probability of each petrophysical 
parameter after thin bed analysis.  
 
Figure 3. Workflow behind Monte Carlo 
 
METHODOLOGY 
The research is designed in several stages, 
which are illustrated in the flow diagram as shown 
below : 
 
Figure 4. LSSA Petrophysics Workflow (Fadjarijanto dkk., 
2018) 
 
A. Determination of Thin Bed Reservoir’s 
Prospect Zone 
 The determination of the zone of the prospect 
of the thin bed reservoir is based on the response of 
gamma ray values that do not fully show the clean 
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sand zone, the porosity values do not intersect 
causing poor porosity readings, a sufficiently 
decreased resistivity value from the reservoir-
readable response, and the DT value parameters that 
remain the same between the clean sand layer and 
the thin bed layer. In addition, the determination of 
these parameters is based on mudlog data which 
shows the increase in sandstone lithology, increased 
ROP values, and the emergence of oil / gas shows in 
mudlog data. Based on the above parameters, there 
are 1 prospect zones in well SSK at depth of 2521.45 
- 2543.45 ft. 
 
B. Calculation of RW with Picket Plot 
 As no core data available in this Well, Water 
Resistivity (RW) calculations are performed using 
picket plots in conventional calculations to obtain 
water saturation parameters. Cementation 
exponent (m), tortuosity factor (a) and saturation 
exponent (n) are also determined using Picket Plot by 
determining fully water saturated area.  
 
 
 
 
 
   This approach has various disadvantages.  
 
 
 
 
 
 
 
 
 
Figure 5. Parameters of Picket Plot  Thin Bed Reservoir 
Well SSK 
 
C. LSSA Analysis 
         LSSA analysis is done by calculating the vertical 
resistivity from horizontal resistivity, determining 
shale distribution using thomas steiber plot and 
plotting the graph of resistivity distribution to see 
the distribution of the distribution of resistivity 
values to improve the laminated shale resistivity 
value based on the resistivity distribution value in 
order to improve the previous low resistivity 
response value. Vertical resistivity separation in 
figure 6 shows there are some slight increasement 
in resistivity value, with a higher anistrophy 
compare with the background anisotrophy. This 
anisothrophy could be an evidence of lamination on 
this interval.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Vertical Resistivity Separation on Well SSK 
 
Based on the analysis of Thomas Steiber in figure 
7, it was found that the distribution of shale 
distribution was in the form of a laminated dominant 
with a dispersed and structural distribution where it 
falls in the center of the Thomas Steiber Plot.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Thomas Steiber Plot on Well SSK 
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 Water Saturation is calculated n using Waxman 
Smith’s Equation with parameters from table 2. 
 
Table 2. Saturation Parameters 
Resistivity Mode Waxman Smith 
Mud Filtrate Resistivity 0.131 ohm.m 
Temperature  79 degF 
WSQV (1/L) 0.1 
Maximum sand resistivity 8.7122 ohm.m 
Saturation Model Laminated 
 
RESULT AND DISCUSSIONS 
After LSSA analysis are taken, the shale volume 
distribution are obtained in the form of laminated, 
dispersed, and structural shale. From figure 8, the 
LSSA output correlates with Thomas Steiber Plot, 
where the dominated shale volume type are 
laminated. This indicates the distribution and the 
shale volume of this interval is infulenced by 
laminated reservoir.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. LSSA Output on Well SSK 
Qualitative validation is done using log image. 
Mud log indicates oil show on this interval and log 
image also confirms the thin lamination layer. From 
figure 9, the log image shows a layer consisit of dark 
and bright colour that looks like a thin layered. The 
dark colour represents shale and bright represents 
sand. 
 
 
  
 
Figure 9. Mudlog and Log Image Validation 
 
After monte carlo parameters are taken, the 
petrophysical parameter values are obtained in the 
form of a comparison between p10, p90, p50, mean, 
and conventional. It was found that the value after 
analysis LSSA had more optimistic values due to 
contributions from the thin bed reservoir compared 
with conventional based on the number of porosity, 
shale volume, water saturation and total net on p90 
distribution as shown on table 3. 
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Table 3. Petrophysical Parameter 
 
 
 
 
 
 
 
 
 
 
CLOSING 
Conclusions and Recommendations 
Conclusions for this research as follow : 
a. Laminated Shally Sand Analysis capables to 
determine shale distribution, porosity, 
resistivity of laminated sand, and laminated pay 
zone of Tabul Formation and Naintupo 
Formation based on validation from Mud log 
and log image 
b. SSK has a thin bed potential at 2521.45 - 2543.45 
ft.  
c. Laminated Shally Sand Analysis capables to 
improve thickness of netpay with the range of 
40.35% based on probabilistic delivered from 
Monte Carlo P90.   
 
Recommendations for this research: 
a. Make another resistivity model using another 
algorithm as a comparator to determine vertical 
resistivity 
b. Approach the thin bed reservoir with another 
method such as Laminated reservoir analysis 
method to compare thin bed reservoir’s 
petrophysical parameter. 
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